










The influence of non-feeding period on high water temperature tolerance in clonal silver 
crucian carp (Carassius langsdorfii) was examined using 180-day-old juveniles of clonal 
lines SCC-OKL1, SCC-OKL2 and SCC–OKL3. Juveniles were reared at 20°C, and then 
feeding was stopped for 0, 3, 5, 10 and 15 days. The high-temperature tolerance (time to 
death) of each individual was evaluated at 36°C. For all three clonal lines, juveniles unfed 
for five days survived significantly longer than those unfed for other periods of time 







The occurrence of cannibalism in larviculture of ocellate puffer is affected by initial 
stocking density and lower initial stocking density can suppress the occurrence of its 
cannibalism. However puffer larvae begin cannibalism sooner or later. To reduce 
mortality due to cannibalism, we investigated the effect of re-stocking at reduced 
densities. Ocellate puffer larvae were reared at an initial stocking density of 5 larvae l?1 
in six 1-m3 tanks from 0 to 21 days after hatching (DAH). They were then re-stocked at 
four different densities of 1 to 4 larvae l?1 in duplicate and reared until 40 DAH. On 21 
DAH, the average number of survivors was ~4300 larvae. After re-stocking, the survival 
rate was negatively correlated with re-stocking density (R=?0.936, Pb0.01). The number 
of surviving ocellate puffer larvae was highest at a re-stocking density of 2 larvae l?1. A 
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reduction in stocking density at 21 DAH is recommended for an improved larvicultural 







In finfish larviculture, feeding regimes and schedules vary with hatchery and species. 
They have no biological or technological foundation and are dependent of operator 
expediency and previous experience. Inadequate feeding regimes and/or inappropriate 
food intake, especially during early larval stages, may result in a decline in health and/or 
quality and high mortalities. Fish have species-specific diel feeding rhythms; therefore, 
feeding schedules in larviculture cannot be determined uniformly among target species. 
To improve survival and quality, it is important to establish feeding schedules 
corresponding to the diel feeding rhythms of larval fish species. In fish, the feeding and 
circadian rhythms are linked; most species have diurnal feeding peaks, especially at dusk 
and dawn, such as flat fishes, groupers, sparids, devil stinger Inimicus japonicas and ayu 
Plecoglossus altivelis. These fish do not ingest food at night and the larvae actively feed 
at dawn and dusk. Differences in this trend have not been reported during the co-feeding 
period of rotifer and Artemia nauplii. Although ocellate puffer larvae also have diurnal 
peaks of food intake, they commenced ingestion before day break. 
The delay in first feeding causes serious problems in finfish larviculture and in many 
cases, it is performed to prevent this delay. After mouth opening, larvae do not have 
awell-developed functional jawand, thus, rotifers or Artemia nauplii remain in the rearing 
water. Theymetabolize the enriched nutriments, resulting in deterioration in the nutritional 
quality of the residual live food. Therefore, the timing of first feeding is important. 
In conclusion, the feeding schedule of a particular fish species should be determined on 
active diel ingestion. Delays in active ingestion result in un-ingested live food remaining 
in the rearing water and consequent nutritional deterioration. Therefore, feeding schedules 









?Vitamin A (VA) is an essential nutrient in fish. VA is involved in a large spectrum of 
biological processes. One of the most important functions of VA is to control embryonic 
development in animals. In mammals, organogenesis is completed during embryogenesis. 
In contrast, most marine fish larvae are in a comparatively immature state at hatching and 
undergo organogenesis during the exogenous feeding stage. This developmental feature 
of marine fish larvae requires appropriate control of the nutritional composition of the diet 
to support normal skeleton development. Nutrient deficiency or imbalance results in 
skeletal deformities that are often recognized in hatchery-reared fish. However, the 
etiology and precise mechanism of such skeletal deformities are unknown, which makes it 
difficult to achieve an effective prevention protocol in hatcheries. Skeletal deformities 
induced by excess VA are a popular model for studying the development of skeletons in 
fish larvae. Several studies suggest the importance of retinoic acid receptor (RAR) and 
retinoid X receptor (RXR) pathways in skeletogenesis in fish. This paper reviews the 
current understanding of VA-induced skeletal deformities and recent progress in this area 








Sequence analysis targeting the hypervariable mitochondrial DNA-D-loop region was 
performed to survey spawning patterns of captive Pacific bluefin tuna (Thunnus 
orientalis). The broodstock consisted of approximately 100 individuals. Sampling of 
fertilized eggs was conducted for ten days within three weeks in 2007. Among 236 eggs 
and 31 juveniles analyzed, 25 unique haplotypes were detected, indicating that more than 
25 female parents participated in reproduction in the fish cages. Among the 25 haplotypes, 
10 were found at relatively high frequencies. Some of these haplotypes were observed to 
occur at 2 to 3 consecutive days, indicating that the captive bluefin tuna females were 







?Survival in larval rearing experiments is difficult to estimate due to accidental losses and 
periodic sampling. The number of sampled fish can be a large proportion of the stocked 
ones, making it difficult to calculate the overall survival rate and mortality coefficient as 
this is based on the initial number. Here, a new method of calculating survival is proposed 
using the mortality coefficient. When the initial stocking density and sampled and final 
numbers are known, and assuming that mortality coefficient is constant, the final number 




), where t is rearing 
period (days), N0 indicates initial number, Nt indicates the survival number at t days of 
rearing, m is the natural mortality coefficient, NSn is the sampled number in the nth 
sampling, and dn is the rearing period until removal of the nth sample. The provisional 
mortality coefficient is calculated from initial and final stocking numbers. Then values for 
the natural mortality coefficient are substituted into the formula with successive 
approximation. The coefficient, which most closely approximates the actual survival, is 
determined as the best fit natural mortality coefficient. Examples of larval experiments 
are provided to demonstrate the method and show that survival is often underestimated 
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This chapter reviews the ontogeny and physiology of larval development in the Sparidae 
family and provides a comparative view of the larval biology of the species, highlighting 
those aspects that are relevant for their culture. Despite extensive similarities in larval 
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biology, development and phenotype, species-specific differences exist, partly related to 
different temperature optima among species. Sparids typically release a large number of 
small eggs that hatch in an early stage of development.  Larvae are very vulnerable 
during early development requiring relatively strict biotic and abiotic conditions to 
survive and grow. Sparids spawn buoyant pelagic eggs containing a single oil globule. 
Fertilized eggs take only a few days to hatch. Decreased hatching, increased larval 
mortality and abnormalities occur outside optimal temperature ranges. Newly hatched 
larvae are small, have a large yolk sac and typically start feeding within 3 to 5 days. The 
early ontogenetic events focus on the development of the organs and structures necessary 
for growth and survival, including the sensory organs, mouth, trunk and tail muscle mass, 
and the digestive system. The young larvae have poor visual acuity which improves as the 
eye diameter increases, and new photoreceptors and structures appear. Skeletal 
development and ossification have been well studied, in part because malformations are 
an issue in cultured fish. The pattern of anatomical changes and structural differentiation 
is related to functionality, behaviour and environmental preferences. The digestive system 
including gut, gall bladder, liver, pancreas, and gastric glands develop rapidly. The 
enzymes responsible for digestion of proteins, lipids and carbohydrates are present at first 
feeding. The functional ontogeny of the digestive tract and pancreatic enzyme activity 
patterns are similar to those described in other fish groups.  Growth in larvae is 
influenced by many exogenous factors with temperature and food being the most 
important.  Other key abiotic factors in culture include oxygen, salinity, turbidity and 
light.  Optimal requirements are species-specific and change during larval ontogeny. The 
pattern of development is typically from a longitudinally elongated body shape to a 
longitudinally compressed form often characterised by a large skull and jaws. Sparids 
grow relatively quickly during early development. The critical stage of initial swim 
bladder inflation usually occurs soon after complete yolk absorption. The transient 
physostome larvae inflate their swim bladders by gulping air at the water surface. Factors 
influencing swim bladder inflation include temperature, salinity, turbulence, light, 
genetics, egg quality, water quality and tank hydrodynamics. There is a considerable body 
of research on Sparid larval nutrition. Highly unsaturated fatty acids (n-3 HUFA) are 
essential for good growth and survival. Amino acids (AA) are a major energy source 
during the early life stages. The supply of dietary protein is paramount for optimal larval 
growth. The metabolism of larvae and juveniles is controlled by micronutrients such as 
vitamins and minerals but there is little published literature. The vitamin A concentration 
of live feeds can be an important determinant for normal skeletal development.  The 
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generalised feeding regime for larvae starts with rotifers followed by Artemia and then 
formulated feeds. On a weight specific basis, Sparid larvae tend to ingest more than 100% 
of their own weight in the first days of feeding.  The specific ingestion rate decreases 
with age and more efficient digestion. Experimental microdiets have allowed 
investigation of early nutritional requirements, sustain survival comparable to those of 
live feeds, but growth is typically poor. Microdiet attractiveness improves with the 
inclusion of protein hydrolisates or free AA. Microbound, microencapsulated and 
microcoated diets have been used with increasing effectiveness. Further improvements in 
culture will come from a better understanding of basic nutritional requirements of larval 
Sparids, as well as of their interactions with abiotic factors such as temperature, light and 
hydrodynamics at key developmental stages. 
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